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Abstract
27
Bi-layered hydroxypropylmethylcellulose and Eudragit based films were formulated as 28 potential ocular drug delivery systems using chloramphenicol as a model antibiotic. Films were 29 plasticized with polyethylene glycol 400 present in the Eudragit layer or both Eudragit and 30 hydroxypropylmethylcellulose layers, and loaded with chloramphenicol (0.5% w/v in solution) 31 in the hydroxypropylmethylcellulose layer. The weight, thickness and folding endurance 32 optimized formulations were measured and further characterized for transparency, tensile, 33 mucoadhesive, swelling and in vitro drug dissolution properties. The physical form of 34 chloramphenicol within the films was evaluated using differential scanning calorimetry (DSC), 35 and X-ray diffraction (XRD), complimented with scanning electron microscopy and energy 36 dispersive X-ray spectroscopy. Fourier transform infrared spectroscopy was used to assess the 37 interactions between the drug and the film components and confirm chloramphenicol's 38 presence within the sample. Optimum films showed high transparency (≥ 80% transmittance), 39 ease of peeling from Petri dish and folding endurance above 250. Average thickness was lower 40 than contact lenses (0.4 -1mm), confirming them as thin ocular films. The tensile properties 41 showed a good balance between toughness and flexibility and mucoadhesivity showed that 42 they could potentially adhere to the ocular surface for prolonged periods. The drug loaded films 43 showed swelling capacity which was greater than 300% of their original weight. The physical 44 form of chloramphenicol within the films was amorphous (DSC and XRD) whilst in vitro drug
Introduction
52
Vision provides 90% of the information within our surrounding environment, with 53 considerable physiological importance including differentiation between light, shape and 54 colour, spatial orientation, equilibrium and cortical tone [1] . Various conditions can affect the 55 eyes and these are classified as periocular and intraocular, according to their location. 56 Periocular conditions occur around the eye and can cause irritation to different parts of the eye. 57 Common periocular diseases include blepharitis, conjunctivitis and chronic conditions caused 58 by bacteria which can even lead to vision impairment [2] . Effective reduction of bacterial load 59 is very important in the treatment of ocular diseases caused by infection. 60 The development of ocular drug delivery systems is challenging because of the eyes' 61 complex anatomic structure and protective mechanisms which make it difficult to maintain an 62 effective drug concentration over a prolonged period of time [3] [4] [5] [6] [7] [8] . The eye is a very sensitive 63 organ to debris, microorganisms and drugs and therefore, ocular drug delivery systems should 64 be simple, non-invasive (to prevent irritation, inflammation, infection), maintain visual clarity, 65 and enable the drug to penetrate the physiological eye barriers to reach the site of action [9] . 66 Ocular drug delivery for treating conditions affecting the front of the eye depends on the 67 corneal barrier and tear film. Apart from the physiological factors, there are also factors 68 affecting formulation development, of ophthalmic preparations including osmolality, pH, 69 surface tension and viscosity [10] . 
In vitro mucoadhesion studies
324
Mucoadhesion strength was measured using the gelatine layer, to simulate bioadhesion of the 325 films to the ocular surface. As shown in Figure 2b , the highest detachment force necessary to Overall, the average detachment force required for all samples was higher than the force 334 (0.2N) required by the eyelids to blink, implying that the formulated films will not be easily 335 15 dislodged by blinking. In addition, due to their thin nature, the hydrated ocular films are 336 expected to be comfortable to patients though this will need to be confirmed in an in vivo study. 
Scanning electron microscopy (SEM)
338
The SEM images for CHF confirmed its crystalline structure, as shown in Figure 3a . 
Fourier transform infrared spectroscopy (FTIR)
357
The FTIR spectra obtained for the BLK and DL films are shown in Figure A2 EUD film samples, the diffractograms showed a typically amorphous pattern with a broad peak.
383
The analysis of the DL HPMC-EUD films gave similar results, confirming the DSC results that system. In addition, all films completely disintegrated after 270 minutes, meaning that they are 407 erodible and will be able to provide sustained drug release for at least 4 hours. essential to determine the efficiency of CHF against bacteria that affect the eyes. 
